Abstract: Over fifty years of research data from various sources were compiled and analyzed in order to determine the effect of urbanization on centipede diversity in the Wielkopolska-Kujawy Lowlands of western Poland. Urbanization has had a significant effect on species composition and community structures. However, it has not reduced overall species richness and diversity in the centipede fauna. The centipede fauna from built-up areas was found to be rich and varied. The habitats with the highest levels of species richness were the city of Poznań and the beech forests in the surrounding region.
Introduction
Centipedes (Chilopoda) are a group of invertebrates that originally evolved in forest soils (Bornebush 1930) . In Europe, forest ecosystems are among the ecosystems least altered by human activity. Therefore, certain groups of forest centipedes are good reference systems for studying the degree to which natural communities of centipedes are affected by anthropogenic stress, especially urbanization.
There have been numerous publications on species diversity in centipede communities in synanthropic and urban environments of Europe (Enghoff 1973; Tischler 1980; Andersson 1983; Lewis 1985; Fründ 1989; Zapparoli 1992; Christian 1996; Leśniewska 1996; Wytwer 1996) . There have also been many publications on centipede communities in forest ecosystems (Wignarajah & Phillipson 1977; Geoffroy 1979; Albert 1982; Wytwer 1990; Fründ 1991; Országh & Országhová 1997; Tajovský 1999; Tuf 2000) . However, only one paper has been published on the relationships between the urban centipede fauna and the fauna of the natural habitats of the surrounding countryside (Wytwer 1995) .
The aim of this study was to compile and analyze over fifty years of research data from various sources in order to determine the effect of urbanization on centipede diversity in the Wielkopolska-Kujawy Lowlands of western Poland.
Study area
The data used in this study were collected from the Wielkopolska-Kujawy Lowlands, which lie in the provinces of Wielkopolska and Kujawsko-Pomorskie in west-central Poland. This is a lowland area with maximum elevations not exceeding 200 m above sea level. Total annual rainfall is lower here than in other parts of the Polish lowlands, and averages between 450 and 500 mm. Most of the area is under cultivation, and there are relatively few forests. The area has one national park, six landscape parks, and more than a dozen nature reserves (Kondracki 2002) .
The data used in this study were collected at 313 sites, comprising various types of forest, including alder, beech, oak, oak-hornbeam, oak-pine and marshy forests. Other data were obtained from various built-up areas, including Poznań (no. of inhabitants 565,000), Zielona Góra (120,000), Leszno (64,000),Śrem (30,000), Turek (30,000), and Pyzdry (3,000).
The classification of environments and habitats used in this study largely corresponds to the classification used by the original researchers. Detailed descriptions of the research areas can be found in the relevant works.
Material and methods
The following published materials were used: Kaczmarek (1952 Kaczmarek ( , 1964 Kaczmarek ( , 1977 Kaczmarek ( , 1979 Kaczmarek ( , 1980 Kaczmarek ( , 1989 , Zych (1989) , Leśniew-ska & Wojciechowski (1992) , Leśniewska (1996 Leśniewska ( , 1997 Leśniewska ( , 2004 , Leśniewska et al. (2005) . Unpublished data collected for master theses were also provided by K. Baron, M. Chiciak, K. Cieplicka, M. Ciszak, A. Drewniak, I. Gonerka, M. Górecka, T. Gruszczyńska, M. Kaliszak, H. Polańska, M. Rzepka, U. Smolińska, M. Walerowicz, M. Wilkosz and J. Wojciechowski (Table 1) . These data were collected between 1949 and 2005, using both qualitative and quantitative methods. Basic data on the duration of the studies and on the methods used are presented in Tables 1 and 2. Direct capture from under branches, stones, pieces of bark, and other accessible micro-habitats in which 712 M. Leśniewska et al. 1949 1964 1974 1968 1975 1977 1949 1978 1980 1980 1980 1980 1983 1981 1987 1990 1990 1995 1988 1987 1997 2003 2003 1988 - -1963 1965 1975 1971 1976 1978 1980 1979 1981 1981 1982 1982 1984 1984 1989 1992 1992 1996 1992 1994 1998 centipedes live was the most frequently used qualitative method. Other qualitative methods included pitfall traps, sifting of litter and soil, and sampling of litter and soil. The most frequently used quantitative methods were sifting litter and sampling of soil using square frames. However, not all researchers used these techniques. It was therefore possible to compare quantitative data only from published reports or reports ready for publication. Not all data could be included in the database. The only built-up area in which quantitative studies were carried out was Poznań. Detailed information on the quantitative methods used in this study is presented in Table 2 . The data include information on 21,167 specimens which had been identified to species level. The data also include information gathered from publications which did not specify the number of specimens of each species (Table 1) .
Data were ranked and analyzed using standard biocenotic indexes, including: dominance (D), frequency (F ), Shannon index of diversity (H'), Pielou index of evenness (J ), Morisita-Horn index of similarity, and cluster analysis. These indices and their significance have been described elsewhere (Balogh 1958; Horn 1966; Trojan 1994; Magurran 1996; Everitt et al. 2001) .
Results
In the Wielkopolska-Kujawy Lowlands, thirty-seven species and subspecies of centipedes have been confirmed. This represents 100% of the species and subspecies found in lowland areas in Poland (Kaczmarek 1979 (Kaczmarek , 1980 Wytwer 1990; Leśniewska & Wojciechowski 1992) and 61% of the species found in the whole country (Table 1) .
Among the identified species there were 22 species from the order Lithobiomorpha, 14 from the order Geophilomorpha, and one from the order Scolopendromorpha (Table 1) .
The specimens collected during the course of the study most often included the following species:
-eurytropic: Lithobius forficatus, L. erythrocephalus, Geophilus flavus, Schendyla nemorensis; -forest: Lithobius mutabilis; -synanthropic:Lithobius microps. These species were probably the most common and most numerous species in the investigated area. On the other hand, only a few specimens of Lithobius dentatus, L. nodulipes and Clinopodes flavidus were collected.
In the investigated forests thirty-three species of centipede were found. The number of species found per individual forest type ranged from seven to nineteen (Table 3) . Eleven species were found only in forests. Three species were found in all of the different for- est types investigated: Strigamia acuminata, L. mutabilis and L. forficatus. Ten of the species found in the forests belonged to the Geophilomorpha, twenty-two to the Lithobiomorpha and one to the Scolopendromorpha.
In the investigated built-up areas 26 species of centipede were found (Table 3 ). In each of the locations between nine and 21 different species were found. Four species were found in all of the six investigated builtup areas: L. forficatus, G. flavus, L. erythrocephalus, and L. microps. Four species of centipedes were found exclusively in built-up areas: C. flavidus, Geophilus linearis, G. proximus and Stigmatogaster subterranea. Three species were found only in Poznań: S. subterranea, C. flavidus and G. linearis.
Twelve of the species found in cities belonged to the Geophilomorpha, thirteen to the Lithobiomorpha, and one to the Scolopendromorpha (Table 1, Fig. 3 ).
The habitats with the highest number of species were urban parks (21 species), beech forests (19 species), marshy forests (18 species), cemeteries (16 species), and gardens (12 species) ( Tables 3, 5 ). The habitats with the smallest number of species were houses, rubbish heaps, flowerbeds and marginal wastelands. These have few microhabitats suitable for centipedes. Twenty-two species were found in both forests and built-up areas. However, the centipede communities in forests and built-up areas were distinctly different from each other (Fig. 1) .
Species diversity as estimated on the basis of the Shannon index was the highest in beech forests and marshy forests, which both had a Shannon index of 2.4 (Table 4 ). In the rest of the examined habitats the Shannon index ranged from 1.4 to 1.6. The Pielou index ranged from 56.5 to 77.8%. However, these data apply only to those locations in which quantitative studies were carried out (Table 4) . In the tested forests, the super-dominant species were Lithobius curtipes L. mutabilis, and Schendyla nemorensis. In the Citadel Park in Poznań the superdominant species were L. microps and Stigmatogaster subterranea. Other eu-dominant species included L. agilis, L. forficatus, G. flavus, and L. pelidnus (Table 4) .
Based on Morisita-Horn indices, similar habitats generally had similar dominance structures (Fig. 2) . However, geographical location also played a role.
The species with the highest coefficients of dominance were generally the species which were most frequently encountered at the studied locations (Table 4) . Quantitative samples taken from litter and soil do not give the frequency of species associated primarily with tree stumps, logs, stones, moss and bark. In our research, this is especially true for the cosmopolitan and eurytopic species L. forficatus. Although L. tenebrosus fennoscandius is also very common, it is clearly associated with tree stumps and logs, and is thus underestimated in quantitative samples (Leśniewska unpublished data).
Discussion
The materials used in this study were collected by many researchers over a period of more than fifty years. The aims and methods of their research differed from study to study. That is why our paper is a presentation of the results of previous studies and should not be considered to be strictly comparative in nature.
The majority of researchers collected materials using qualitative methods (Table 1 ). The results of their studies were used only to determine the species composition in various habitats (Tables 3, 5) . On the other hand, the data for quantitative comparison were taken from various previously published and unpublished sources. The methods used in these studies are presented in Table 2 . The results may have been affected by the methods used, which differed in terms of the kinds of samples collected. For example, some samples were sifted, whereas others were not. Nevertheless, the data set as a whole is good enough to support a few conclusions and hypotheses.
In the Wielopolska-Kujawy Lowlands, the greatest richness of centipede species was found in Poznań. This finding supports the opinion expressed by Enghoff (1973) that human activity does not always reduce species diversity in animal communities.
During the post-glacial sub-Atlantic Baltic period, the primeval flora of the Poznań area was dominated by mesophilic deciduous forests. The dominant forest type was the oak-hornbeam forest type (Galio silvatici- Carpinetum). Smaller areas were covered by other deciduous forest types (Jackowiak 1990 ). The pre-urban centipede fauna of the Poznań area was therefore similar to the fauna of present-day deciduous forests in Wielkopolska. As the city grew, the forest cover was reduced or destroyed to be replaced by urban green spaces.
Of the 21 centipede species found in Poznań, twelve were also found in beech forests, and ten were also found in oak-hornbeam forests in the region. Four species found in Poznań were also found in all the deciduous forests studied: Strigamia acuminata, Lithobius curtipes, L. erythrocephalus and L. forficatus. The only typical forest dwellers found in Poznań were L. tenebrosus fennoscandius (which occurs only in the oldest park in the city), L. curtipes and S. acuminata.
In smaller built-up areas, a greater number of forest species were found, including Lithobius agilis, L. lapidicola and L. mutabilis (Table 3) . This is because the forested areas at these locations have not been degraded to the degree that the forested areas in more urbanized locations have been.
The town and its vicinity provide for different centipede species a great diversity of micro-habitats such as forested areas, parks, cemeteries, allotment gardens, rubbish heaps, roadsides, flowerbeds, marginal wastelands, greenhouses, and buildings (Table 5 ). The centipede urban fauna, especially of Poznań, is characterized by a high number of species belonging to the order Geophilomorpha and small species of Lithobiomor- Total 1 1 1 1 1 1 1 2 2 2 2 2 3 4 4 4 4 6 6 6 8 8 9 10 11 13 pha, which are generally more often found in soil than in litter. Because leaves, old trees, logs and stumps are usually removed from urban areas, larger Lithobiomorpha are found only in small forested areas on the outskirts of the city, or in a few untended areas of old cemeteries and parks. On the other hand, forests, especially protected ones, with thick leaf litter and abundant fallen trees, stumps and branches, provide ideal conditions for centipedes of the order Lithobiomorpha. Although the number of species may be about the same as that in the city, there is a much higher percentage of species of Lithobiomorpha, and a lower percentage of Geophilomorpha (Table 3 , Fig. 3 ). In urban areas, only some of the indigenous species become part of the fauna. Other species are introduced in various ways. Human activity can allow new species to establish themselves. For example, some species are introduced with garden and landscaping plants and with soil used in gardening, landscaping and construction. This is probably how Stigmatogaster subterranea made its way to Poznań. Lamyctes emarginatus is frequently encountered in commercial garden soils offered for sale in shops with garden supply depart-ments. Lamyctes emarginatus is a parthenogenetic pioneer species (Dunger & Voigtländer 1990; Voženílková & Tajovský 2001 ) which easily establishes itself at marginal sites in Wielkopolska (Leśniewska 2004) .
In another study (Wytwer 1995) , 12 species of centipedes were identified in Warsaw whereas 17 species were identified in forest ecosystems in the surrounding region of Mazovia (Table 3 ). There were also considerable differences in species composition and community structure between the centipede fauna of Warsaw and the surrounding forest ecosystems. Lithobius tenebrosus tenebrosus and L. tenebrosus fennoscandius had both been reported to occur in Wielkopolska (Kaczmarek 1952 (Kaczmarek , 1977 Leśniewska 1997) . However, more precise identification has revealed that only L. tenebrosus fennoscandius is found in the region, as had been earlier suspected (Kaczmarek 1980) .
